Velvet antler polypeptides promoted proliferation of epidermal cells and 
fibroblasts and skin wound healing 



Abstract: 

Aim: To study flife effects of total velvet ajitler polypeptides CTVAP), native VAP (nVAP) and 
synthetic VAP) sVAP) on proliferation of epidermal ceils and ftbroolasts. 

Methods: Mewbom rat epidermal ceils and rabbit chondrocytes were isolated and ciiittusd in the 
medium contaimng TVAP or nVAP and sVAP, Mtogenic effeefc of these polypeptides were 
determined by measuring ( 3 H]-TdR incorporation into DMA. Effects of TVAP on Skin wound 
healing in rafs was observed. 

TB^M'-^$iBS^i^^igi^%t aM"3$ nigTVAP igh^-yfei^ yffi&. *yas applied e^CCTftiiy; 
aceclej^ed iie^ing of rat Back s^n wound, ^e woiiad^^adniag group was 

lower (7,08%b4.57%) than that of the control group (16.16^6,52%) (p<Q.01) at day 17 after 
treatment nVAP at 0.4, 2, 10 and 50 mgb showed mxm marked proliferaliop-prorabting activity 
for rat epidermal cells and increased incorporation of l^HJTdR from £7*10) Sq (control group) to 
(1 12*32), (178*43), (27b±48) and (323±32) Bq> respectively fP<G.0t of P<Q;Q6T). It showed that 
rrVAP from TVAP is the main active polypeptides responsible for simulating proliferation of 
epidermal cells and sfcin wound healing. sVAP also showed stimulating effects on epideanal ce% 
and fibroblasts. 

Conclusion; TVAP accelerated skin wound healing-fay stimulating rxolifetatipn of epidermal cells 



iepideteal eellsj fibirablastsi sl^Wqtind 




worde: velvet antler^ velvet antler i 



Introduction 

Sased on the biological property of rapid growth, we isolated total pPiypeptidfes from wapiti 
(Ccrvjts elapkus Uanaeus) velvet antler. These polypeptides can agiufleaptly stimulate 
proliferation of epidermal cells. Subsequently, we produced new class II drug, using the 
poIy^pti^sv^iryeotaBle velvet extracts for wound healing". Witlr the support of Natural Science 
Funding, we successfully isolated a single compound from the polypeptides, called iiailve velvet 
antler polypeptide (nVAP) from total polypeptides. nVAP is a peptide containing 32 amino acids, 
and its MW is 3,216 % pMli nVAP mainly cohtaios valine, alanine, lysine and glycine, but 
does not contain cysteine. The amino acid sequence of nVAP has been confirmed and is less than 
50% homology with known polypeptides. Prelimbary results showed it is a newly discovered 
polypeptide from wapiti velvetantier. Based on the sequence ofnVAP, recently we synthesized a 
polypeptide (synthetic velvet aatter polypeptide, sVAP). the MW the sVAP is 3 200 u. This paper 



tepatm the effects of total velvet antler polypeptides (TVAP), nVAP and sVAP on cell 



Materials and methods 

WAP was: isolated from Wapiti (Cennis elaphtts Linnaeus) velvet antler in Changchim College 
of Traditional Chinese Medicine (protein content 82.3%, nVAP accounts far 60*/o). It was 
slightly yellow-coioured powder and could be readily dissolved in the water. nVAP was further 
isolated from TVAP. Purity of TVAP was about It was white-coloured fluffy powder. 

sVAP \yas synthesized based 

NIH 3T3 <$wiss rat fibroblast) cells was bought from Changchun Institute of Bkijogieai 
Material Matni&ture. [ 3 H)-TdR. was bought from Chang&n ColIe|e of Atomic Energy, 
toSspass and trypsin wpre lp^Tfr^^ig^ 
iilTOittent 

WALLAC 1409 OSASctnuii^tCou^ Accuracy: 0.01. 

wlstar iat body weight, 170-200 g; female and male were 4-5 week-old; newborn was within 
24 hr. 

^sw2»ealand white rabbit* body Vveighl, 400-700 g. 
Tr^seanlnials were b^ 
Skm^undmodel 

Wistar rats we^-anaesthcti^ The hair of the wounding area on each ml bank was 

^roughly shaved and sterilised using iodine tincture. A round disc (1.5 cm in diameter and 
l^Seniin a^ uf ^t m^ a ^etiij&ally designed punch. The 

akV -ew which The b^-off!te^i^^;:|^:^ 

^wep wuol lotion, ¥^s«line waier; Subsequently, 16 and 4 mg TVAP was added into 5 g 
h«e respectively. Two different concentrations of the rontmeat were ptdnuced containing the 
final concentration of 3,2 ffi^g and .Q "8 mg/g. The ointment was then applied topically on the 
wound oa every other day at the dose of 50 mg/ume/rat within » days. Only the ointment 
base was used Br the contest group. Tfe diameter ofeach wound was measured and the area 
was cafculatedout. The atea of each wound at day p waa assigned 100%. Wound baling rate 
= the remaining wound area; the wound area on day 0 x 100%. Airimals were killed 6B day 22 
and tb£ wound ttssu^wascoll^^ 
Isolation and culture of epidermal cells 



The dorsal skin was collected from new bom Wistar rats. The subcxftmeotts tissue was trimmed 
°® ftDia Ae s«Kpi*<i skitt. The sampled skin was cut into small pieces around G.S cm s 0,5 cm. 
The small pieces were washed in Hanks containing penicillin at 100 u/tnL for 1 hr, and transferred 
into 10 ml digestive solution containing dispase at L25 ufmL at 4°C for 2Q - 22 nr. Epidermis and 
dermis were then separated. The isolated epidermal tissue was further digested using 0.25% trypsin 
at 37°C for 13 min, and pipetted up and down by adding MEM medium W disaggregate epidermal 
cells. The digests were then filtered through 45 urn pore size nylon membrane. The filter-diroughs 
were counted and cultured in culture medium. 
Isolation and culture of choadroeytes 

Wits of mwimmm white rapbtfe (4 _ $ ^eks m mm mmmy eoU&fea. Rest and 
liypertrophie zones were separated and cut -into small pieces (1-3 mm 2 /pieee) respectively. The 
small pieees were washed twice in PBS and digested in 0.1% EDTA; and 0,2S% trypsin at 37°C for 
1 hr, and iheft rinsed laPBS. The digests were further digested in 0.2% opttaganase II at 3? e C for 3 
hr and subsequently filtered through 45 urn pore size nylon membrane. Tie filt^throughs were 
ccntriluged at 15G0 rpm for 5 min to collect the disaggregated cells, The cells were cultured in 
GMEMme<fiumeontaining 10% FBS after eounting ttie numbers. 
[M 3 ]-Td^ iheorporaioii into 0NA 

Isolated epidermal cells were seeded in 96-well plates (0.1 ml medium/well) at the density 
Of 2 x W s cells/mi and cultured in a C02 incubator, 0.1 ml MEM medium eoutaimng different 
concentrations of samples was added into each "WeB after 24 hr mcobation.: [II 3 j-TdR (10 ol 
containing 37 kBq^eli) was added into each well 3 jhr before the ternimation of incubation. After 
the termination of mcubafipii, the medium of each well was removed by aspiration, and 0.1 ml of 
0.25% trypsm was added into ^ The cells were detached 

by pepitttng up and doivn, and equal volume of 10% TGA was added into each welt at 4? Q 
overnfght. Cells Were transferred onto 49 type of glass fibre filter paper, which was then dried at 
60°C and transferred into » y|al containing 3 ml semtflHtant. The radio activity was measured using 
ap-enunter. 

Gar^ilagittoas cells were seeded in %-we;ll plates (0, t ml medium/well) at the density of 1 x 
lOVmi and entered for 6 days. The medium was replaced by serum-See DMEM containing 
predetermined concentration of samples and further cultured for 24 hr; {H 3 }-TdR(10 ul containing 
37 kBgAvelt) was added bl Q each well 3 hr before the teartiastioa of hwuhation. After removal of 
medium ftora each well, the cells were washed for 3 times using cold PBS, 2 times using cold 5% 
TCAami I time using mixture of ethanol-etber .p.ilfc The ceils were dissolved in CM ml ofOJmoi 
WaOHov erai ight,and tet0plef6 molHCL The solution was transferred to filter paper. After 



drying at &&C tea Shr* the paper -was transferred into a vial containing 3 m! sdfttittit&at. Tile radio 
activity was measured using a ji-connter, 

HIH 3T3 cell line was passaged in IMDM medium containing 7 - 8% new born calf serum 
at 37°C. The cells were then seeded in 96-well plates (0.1 ml medium/well) at the density of 5 x 
I0tml and cultured for 24 hr. The medium was then replaced using ftl ml serum-ftee medium 
containing different concentrations of dissolved samples for further 24 hr incubation. [H 3 ]-TdR 
(10 ul containing 37 kBq/wdl) was added into each well 4 hr before the termination of incubation. 
The rest of steps were the same to epidermal cell culture. 

Statistics 

^W^tt#t was used which were expfessedas x ± i 



1. Ef1^0fTVMF;on;^t^ 

Ointment containing 018 or 3,2 mg/gof TVAP significantly prompted rat skin wound healing. In 
the higher dosage group, oft &y 7 

Jm the lower dosage group, the wound had essentially healed on day 14 gable 1). Pathological 
:Gbser^n on d^y 22 showed that in the control group, wou^dhea!% quality was poor. In some 
cases, rigepl^ialiiatKin did mt occur over the wound region, and in Others tfe Wound area was 
dfEy partially covered by ^idermfc This partially healed epidermis was thin arid discontinuous. 
The denrtis Ussue was full of disorganised blood vessels (Figure I). However, in the higher dosage 
jgroup (3.2 mg/g), the wound afea was fiiUy^sow^-vift^dennis, which was tek and more akin 
to the normal ;skin (Figure t). In the lower dosage group (OS mg/g), the wound area was epvered 
with Ml epidermis, but me epidermis layer was relatively thin and the dermis contained some 
aisorganised,blaod vessels (Figure 3), Therefore, these. results demonstfated fhatTVAP could not 
only s^d up the wound feeahng prbcess, hut aUp increased the wound haling quality. 
% Otogenic effects otTVAP or nVAP on epidermal cells, cartilage cells and ft broblasts 
Both TVAP and nVAP promoted [H 3 ]-TdR. incorporating into primary cultured epidermal cell DNA. 
The effective dosage on; promoting proliferation of epidermal cells for nVAP was 0.4 mg/L s but for 
W ^ vyas 5 V&l.. This manifests that the biological active substances on epidermal cell 
prohferatwnan^ nVAPatl0-50*ng^ and TVAP:at25 

- 50 mgifL abo promoted proliferation of cartilage, cell?, nVAP at I - W. mg/L stimulated 
proliferation of the fibroblasts collected from mouse embryos (Table 2). 
3, Mt^enic effects of sVAP ^epidermal cells and ftbn«asts 

sVAP at 5 - 40 mg^ pmtooted proliferation of rat epithelial ceils ^and raous^fibroblasts (Table 3). 



When studying faioactive polypeptides from wapM velvet, wc found that tee polypeptides can 
speed up variety kinds of wound healing, particularly nave strong mitogens effects on epidermal 
cells and fibroblasts. Because velvet extracts perse do not have effects of aJtU-infiatnmaUon and 
anti-bacteria, we postulate that its effects on wound healing wound he realised through promoting 
proliferation arid differentiation of the cells from the wound region. In order to identify the true 
bioacbvesubstarr.ee from velvet antler, we established a means of measurement of the incorporation 
rate of [ J H]-TdR into epidermal cells, based on which we isolated a monomer from TVAP, which 
was called nVAP, The purity of aVAP was about 99.4%, arid aVAP has mifpgettic effects on 
epdetmal cells in a dose-dependent manner within the range of nanogram (400«g/L). Due to fee 
low recover rate of WAP from velvet antler (15 x 10' 3 %), it cannot be used for the testing on the 
treatment of mm wound, we used TVAP containing m% of nVAP fbrthe in vivo trial. We 
obtained ideal results. Therefore, we think nVAP is the true bioaetive component of TVAP for 
promoting wound healing. Based on the aequ^ce of nVAP,.^ synthesized this peptide, called 
sVAP; sYAP has similar Otogenic effects on epidermal cells and dermal eells. The only 
difference between nVAP and sYAP is that the molecular weight of sVAP is 16 u smaller than that 



ofnVAP. 



In a previous study; ^reported that both TVAP ^d the B component (MW: 5,788 u) of TVAP 
from sika deer velvet antlers have mitogenie effects on bone and cartilaginous cells, and the effects 
of promoting bone taqture.^paxr. In the present study, we found that bom TVAP and nVAP from 
wapiti velvet antler have mitogenie effects on epidermal cells and the effects of promoting skin 
wound healing. Therefore, TVAP from different deer species may have different composition and 
differentbiof bgtcal activity in order to confirm this, we did following analyses, Firstly, using the 
same techniques, t^lypep^ ^ 
were systemicalty analysed; using techniques of HPLC S MALQI-TOF MS and SE>S#AGE, The 
results showed: that there were significant differences in physical, chemical and biological 
properties between the polypeptides; of si.ka velvet antler and wapiti velvet antler. Based on the 
^foremehtiOTed properties, we produced injectable lyophilised powders (second class TCM drug) 
for the treatment of bone rVncture (sika deer velvet polypeptides) and for the treatment of skin 
wound;(wapiti v^v^fjoiy^r^des). 

One of the important events, for wound healing J s cell proliferation and differentiation. When the 
skin wound area is relatively big, the heafing starts ffcun the proliferation of epidermal cells, and 
then the propagation erf fibroblasts. The final outcome of adult wound healing is scar formation. 
That velvet polypeptides can promote wound healing is because fey can stimulate the proliferation 
of epidermal cells and fibroblasts. Currently we are studying the effects of velvet polypeptides on 



the proHfemtloti and disinflation of endothelial celts and nerve cells, as well as on synthesis and 
degradation of extracellular matrix. 



